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Normal galaxies begin to arise from the shadows at high energies, as can be seen with the discovery
of high-energy γ-ray emission from the Andromeda galaxy (M 31) by the Fermi/LAT collaboration.
We present a study on the search for high-energy emission around galaxies of the Local Group.
No significant detection is found from the objects studied here. Upper limits on the high-energy
emission of nearby normal galaxies are derived, and we discuss them in the context of γ-ray emission
from cosmic ray interactions with the local interstellar medium in these galaxies.
I. INTRODUCTION
Unusual suspects for extragalactic high-energy γ-
ray emission begin to arise from the shadows: the
Fermi/LAT collaboration recently reported the dis-
covery of high-energy γ-ray from the Andromeda
galaxy (M31), our neighbouring galaxy [1]. More
powerful sources, particularly active galactic nuclei
(AGNs) with relativistic jets pointing close to the line
of sight, the so-called blazars, represent the major part
of extragalactic sources detected with Fermi/LAT
(see e.g. [2]).
However, weaker sources such as starburst galax-
ies begin to be revealed as high-energy emitters, both
in the GeV and TeV ranges, like M82 [3, 4] and
NGC253 [3, 5]. Starburst, Seyfert and normal galax-
ies have long been thought to marginally contribute
to the extragalactic diffuse γ-ray emission (see e.g.
[6]), however recent studies tend to re-evaluate this
contribution to be largely significant, if not domi-
nant, compared to the emission from blazars (see e.g.
[7]). We present here a study on the search for high-
energy γ-ray emission from normal, nearby galaxies
from the Local Group, in order to investigate any sig-
nature from cosmic rays interactions with the inter-
stellar medium in the host galaxy, as opposed to the
emission from AGNs.
∗This manuscript derives from the work presented in [15], in
which more details can be found.
II. THE SAMPLE AND FERMI/LAT DATA
ANALYSIS
High-energy emission from some galaxies of the Lo-
cal Group has been reported for the small Magellanic
cloud (SMC, [8]), the large Magellanic cloud (LMC,
[9]), M31 [1], the starbursts M82 and NGC253 [3],
and CenA [10, 11]. We study here the major galaxies
from the Local Group for which no high-energy emis-
sion has been reported so far: M81, M83, IC 342,
Maffei 1, Maffei 2, and M94.
A Fermi/LAT data analysis is performed for the
sources in our sample using the public data from Au-
gust 4, 2008 to January 1, 2011. We use the unbinned
likelihood analysis [12] from the publicly available Sci-
ence Tools version v9r18p6. Data from the diffuse
class events are selected, using the P6 V3 instrumen-
tal response functions, in the 200MeV–200GeV en-
ergy range. The isotropic isotropic iem v02 model
is used to account for both the extragalactic diffuse
emission and residual instrumental background, while
the model gll iem v02 accounts for the contribution
from the Galactic diffuse emission. The region of in-
terest is taken from a circular region of 10◦ of radius
around the nominal positions of the sources in our
sample, while all the neighbouring sources up to 15◦
from the 11 months point source catalogue (1FGL,
[13]) are accounted for in the modelled reconstruction
of the sources. The gtlike tool is used to assess the
detection level of the studied objects, for all of which
the Test Statistics (TS) are found to be below 25, re-
sulting in no significant detection. Upper limits at 2σ
confidence level are thus derived on their flux in the
200MeV–200GeV energy range. No specific energy
spectra are assumed to derive these limits, and the
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FIG. 1: γ-ray luminosity, or the upper limit at 2σ confidence level on the luminosity, of the different sources in the
sample and other known high-energy emitting starburst and normal galaxies, given against the supernova rate times the
total gas mass in these objects. The red square points show the expectations on the luminosity from the model of [17],
accounting for the uncertainties on RSN and Mgas.
corresponding photon indices are left free to vary in
the models. Table I presents a summary of our results
for M81, M83, IC 342, Maffei 1, Maffei 2, and M94,
as well as previous results obtained on NGC1068 and
NGC4945 [14] and on the Milky Way, LMC, SMC,
M31, M33, M82 and NGC253 (see [15] and refer-
ences therein). More details on specific sources from
the sample can be found in [15].
III. DISCUSSION
Interactions between cosmic rays accelerated in stel-
lar objects (e.g. supernoværemnants) and the ambient
interstellar medium in starburst and normal galaxies
are expected to generate high-energy γ-ray emission,
through pion decay for hadronic cosmic rays as well as
inverse Compton and bremsstrahlung radiations from
leptonic cosmic rays (see e.g. [16]). [17] suggested that
the supernova rate RSN and the total gas mass Mgas
in a given galaxy could be a proxy for the expected
γ-ray luminosity, through the relationship:
Fγ(> 100MeV) =2.34× 10
−8
(
RSN
RMWSN
)(
Mgas
108M⊙
)
×
(
d
100 kpc
)−2
ph cm−2 s−1
(1)
scaled with the supernova rate in the Milky Way RMWSN
and the distance of the considered galaxy d.
Figure 1 shows the γ-ray luminosity measured with
Fermi/LAT for the known high-energy emitting star-
burst and normal galaxies, againstRSN×Mgas, as well
as the upper limits on the fluxes for the objects stud-
ied here which are not detected. The luminosities ex-
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TABLE I: Properties of galaxies from the Local Group.
Source d RSN Mgas Lγ
kpc yr−1 109M⊙ 10
43 ph s−1
Milky Way ... 0.02± 0.01 6.5± 2.0 0.12 ± 0.03
LMC 50 0.005 ± 0.002 0.67 ± 0.08 (7.8± 0.8) × 10−3
SMC 61 (1± 0.2) × 10−3 0.70 ± 0.06 (1.6± 0.4) × 10−3
M31 780 0.045 ± 0.015 7.66 ± 2.38 (6.6± 1.4) × 10−2
M33 847 0.050 ± 0.015 2.23 ± 0.84 < 5.0× 10−2
Maffei 2 2800 ? ? < 1.66
Maffei 1 3010 ? ? < 3.03
IC 342 3280 0.18± 0.10 4.0± 0.8 < 6.40
M82 3530 0.2± 0.1 2.5± 0.7 2.39 ± 0.75
NGC4945 3600 0.3± 0.2 4.2 4.09 ± 0.92
M81 3630 0.008 ± 0.002 5.16 ± 1.72 < 1.55
NGC253 3940 0.2± 0.1 2.5± 0.6 1.12 ± 0.78
M83 4500 0.050 ± 0.025 5.5± 1.1 < 1.33
M94 4660 0.04± 0.02 0.56 ± 0.11 < 3.19
NGC1068 14000 0.20± 0.08 4.4 33.8± 8.9
pected from the model of [17] are also depicted in red,
accounting for the observational uncertainties on RSN
and Mgas for the different objects. For comparison,
we also added in this plot the γ-ray luminosity for the
Seyfert 2 galaxy NGC1068 recently detected at high
energies [14]. NGC1068 also harbours a starburst re-
gion in its central part, but it was argued in [14] that
its high-energy emission more likely originates from
the AGN activity.
It can be seen in Fig. 1 that the upper limit re-
ported on M33 by the Fermi/LAT collaboration [1]
is very stringent compared to expectation, if the high-
energy flux is truly directly connected to RSN×Mgas,
i.e. if the high-energy emission is only due to cosmic
ray interactions with the interstellar medium, with-
out any other contribution. In this case, a detec-
tion of M33 with Fermi/LAT should be imminent.
A non-detection of M33 in the future years could be
an indication for e.g. a particularly efficient electron
escape in this galaxy, partly suppressing the high-
energy emission. It can be noted from Fig. 1 that the
same applies to M83, which should also be detectable
soon with Fermi/LAT. Apart from the peculiar case of
NGC1068 for which the γ-ray emission may be dom-
inated by the AGN activity, the observations for the
other sources reported here are fully consistent with
expectations from the model of [17].
An alternative scenario can be invoked for expected
high-energy emission from normal galaxies. Indeed
[18] recently reported the discovery of giant γ-ray bub-
bles in the inner Milky Way, and an extensive discus-
sion on different possible mechanisms for their origin
can be found e.g. in [19]. The emission from these gi-
ant bubbles more likely comes from inverse Compton
scattering of a hard population of Galactic cosmic ray
electrons, the latter may also be at the origin of the
microwave haze seen with WMAP [20]. If such emis-
sion from giant bubbles occurs in other normal galax-
ies, one could expect to detect that signal in galaxies
from the Local Group, in addition to the emission dis-
cussed above, which would result in a higher γ-ray flux
compared to what is expected from the model of [17].
Such hypothesis can already be ruled out in the pe-
culiar case of M33, owing to the constraining upper
limit reported on its γ-ray flux.
High-energy emission could also arise from a third
hypothesis. Collective emission from galactic sources
within the host galaxies, such as pulsars, pulsar
wind nebulæ or supernova remnants, could be de-
tected in nearby galaxies. To evaluate the contri-
bution of such emission, we estimate the expected
flux for this collective emission using the γ-ray lu-
minosities for pulsars and pulsar wind nebulæ cur-
rently detected with Fermi/LAT (see [15] for more
details), assuming these galactic objects are located
in a hypothetical galaxy distant by 3Mpc, which
is the mean distance for the sources in our sample.
The modelled flux was intentionally over-estimated
by assuming 1000 such sources in the host galaxy,
which is much more numerous than the ∼60 simi-
lar objects currently detected with Fermi/LAT in our
Galaxy [21, 22]. Even with such optimistic condi-
tions, the collective flux from pulsars is computed to
be F (E > 100MeV) ∼ 5 × 10−14 erg cm−2 s−1, and
the one for pulsar wind nebulæ amounts to F (E >
100MeV) ∼ 10−13 erg cm−2 s−1. These estimates are
well below the sensitivity achievable by Fermi/LAT
within 2 years of observations [23]. The contribution
from collective emission of galactic objects in the host
galaxy is thus found to be negligible compared to the
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one from cosmic ray interactions with the local inter-
stellar medium.
IV. CONCLUSIONS
High-energy γ-ray emission from normal galaxies of
the Local Group has been searched for. No normal
galaxy has been detected at high energy yet, apart
from M31 [1]. We derived upper limits on their flux,
which are found to be fully compatible with expec-
tations from the model of [17] for cosmic ray inter-
actions with the local interstellar medium. If this
model holds, a detection should be imminent with
Fermi/LAT for M33 and M83. The expected γ-ray
flux of the other sources in the sample are below the
sensitivity of Fermi/LAT, in accordance with [7] who
estimated that ∼5 normal galaxies should be individ-
ually detectable in the Fermi/LAT lifetime.
Deeper observations with Fermi/LAT will possibly
lead to the detection of a few other normal, non-active
galaxies in the near future.
Acknowledgments
This research has made use of NASA’s Astrophysics
Data System (ADS), of the SIMBAD database, op-
erated at CDS, Strasbourg, France, and of the
NASA/IPAC Extragalactic Database (NED) which is
operated by the Jet Propulsion Laboratory, Califor-
nia Institute of Technology, under contract with the
National Aeronautics and Space Administration.
J.-P. L. would like to warmly thank Dr. Christian
Farnier and Dr. Andrea Tramacere for invaluable help
and discussions during the development of this work.
[1] A. A. Abdo, et al. (Fermi/LAT collaboration), A&A,
523 (2010) L2.
[2] M. Ackermann, et al. (Fermi/LAT collaboration),
arXiv:1108.1420 (2011).
[3] A. A. Abdo, et al. (Fermi/LAT collaboration), ApJ,
709 (2010) L152.
[4] V. A. Acciari, et al. (VERITAS collaboration), Na-
ture, 462 (2009) 770.
[5] F. Acero, et al. (H.E.S.S. collaboration), Science, 326
(2009) 1080.
[6] A. W. Strong, A. W. Wolfendale & D. M. Worrall,
MNRAS, 175 (1976) P23.
[7] B. D. Fields, V. Pavlidou & T. Prodanovic´, ApJ, 722
(2010) L199.
[8] A. A. Abdo, et al. (Fermi/LAT collaboration), A&A,
523 (2010) A46.
[9] A. A. Abdo, et al. (Fermi/LAT collaboration), A&A,
512 (2010) A7.
[10] A. A. Abdo, et al. (Fermi/LAT collaboration), Sci-
ence, 328 (2010) 725.
[11] A. A. Abdo, et al. (Fermi/LAT collaboration), ApJ,
719 (2010) 1433.
[12] W. B. Atwood, et al. (Fermi/LAT collaboration),
ApJ, 697 (2009) 1071.
[13] A. A. Abdo, et al. (Fermi/LAT collaboration), ApJS,
188 (2010) 405.
[14] J.-P. Lenain, C. Ricci, M. Tu¨rler, D. Dorner & R.Wal-
ter, A&A, 524 (2010) A72.
[15] J.-P. Lenain & R. Walter, arXiv:1109.3321 (2011),
accepted for publication in A&A, DOI: 10.1051/0004-
6361/201117523.
[16] A. W. Strong, T. A. Porter, S. W. Digel, et al., ApJ,
722 (2010) L58.
[17] V. Pavlidou & B. D. Fields, ApJ, 558 (2001) 63.
[18] G. Dobler, D. P. Finkbeiner, I. Cholis, T. R. Slatyer
& N. Weiner, ApJ, 717 (2010) 825.
[19] M. Su, T. R. Slatyer & D. P. Finkbeiner, ApJ, 724
(2010) 1044.
[20] G. Dobler & D. P. Finkbeiner, ApJ, 680 (2008) 1222.
[21] A. A. Abdo, et al. (Fermi/LAT collaboration), ApJS,
187 (2010) 460.
[22] M. Ackermann, et al. (Fermi/LAT collaboration),
ApJ, 726 (2011) 35.
[23] see http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm.
eConf C110509
